,On the basis of these findings, we suggest that extensive activation of nonchloroplast RNA labeling during chloroplast development is the resutlt of the a'ctivatioii of the cellular synthetic machinery external to the chloroplast necessary to provide metabolic precursors for pl!astid development. Thus the plastid is viewed as an auxotrophic resident within the cell (luring development. Other possibilities for interaction at this and other levels are also discussed. 
32Pi is readily incoriporated into RNA by cells undergoing light-induced chloroplast development, anid fractionation at the end of development reveals that although chloroplast RNAs have a higher specific activity, the other RNAs of the cells are signilficantly labeled as well. The succession of labeling patterns of to-tal cellular RNA a-s light-induced chloroplast development proceeds are displayed anid reveal that all RNA species mentioned above eventually become labeled. In contrast, cells kept in darkness during this period incorporate little S2p1 into any RNA fraction. In addition, a heavy RNA component, designated as 28S, while representing a negligible fracitioni of the total RNA, becomes significantly labeled (Ilrinig the first 24 hours of illuminatioin. WN'hile there is light stimulated uptake of 32'P ilnto the cells, this uptake is never limiting in the light or dark, for RNA labeling.
,On the basis of these findings, we suggest that extensive activation of nonchloroplast RNA labeling during chloroplast development is the resutlt of the a'ctivatioii of the cellular synthetic machinery external to the chloroplast necessary to provide metabolic precursors for pl!astid development. Thus the plastid is viewed as an auxotrophic resident within the cell (luring development. Other possibilities for interaction at this and other levels are also discussed.
I,uglenta gracilis var. l)acillaris has been shown to contaiin 3 different types of DNA. In additioin to the nu1clear complemenit, the chloroplasts and mitochondria ea,ch containi a uniiiquie species (19) .
While the presence of chloroplast DNA has beein showin to be correlated with the ability to construct a chloroplast (6) 
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This paper makes a beginninig in attacking these questions by providing some observations of RNA mnetabolism during light-induced chloroplast development. Suich observations have provided an opportunity to assess the extent to which the metabolism of chloroplast and non-chloroplast RNAs are activated during chloroplast development.
Materials and Methods
Conditioins for Grozeintg of Cultures. liuglemt gracilis var. bacillari,s Pringsheim was grown oIn Hutner's meditum, pH 3.3 (9) , as described by tion.
Conditions for Labeling of Euglena. To 700 ml of a resting culture of Euglena, prepared as described above, was added 5.6 ml of a sterile, neutral, carrier-free soluition of Na332PO4 (Cambridge Nuclear Corp.) containing about 2 X 109 cpm per ml. After a brief and thorotugh mixing in the dark, the resting culture w-as carefuilly split into equal portions. One was placed on a rotarY shaker running at 144 strokes per minute under 150 ft-c provided by cool wh(ite and red fluorescent lamps at 260, and the other w-as kept on a shaker, running at 144 strokes per minute, in darkness at the same temperature. All stages of chloroplast development are timed from the point at which the cells, rested in darkness, are placed in the light which is taken as time zero. A-t the end of the desired incubation period, each culltuire was processed separately in the dark for the initial stages of isolation of RNA as described below. Wrhile the modified resting medium used in all experiments contains a lower concentration of phosphate compared to the medium described by Stern et al. (25) , Euglena chloroplast development is normal in the modified resting meditum with respect to: rate of chlorophyll accumulation (25) , morphological changes (1) , and inception point and rate of photosynthetic cairbon dioxide fixation (20, 25) .
The uptake of 32Pi by Euglena was determined by withdrawing 1.0 ml samples from the appropriate resting culture, and centrifuging each sample in the dark at one-half the full speed obtainable on a Clay Adams Table- ribosomal RNA. All other parameters were normalized accordingly for graphic display.
Radioactivity in each fraction was determined by first adding 1 ml of carrier yeast RNA (250 j,g/iml) followed by the addition of 2.0 ml of cold 30 % trichloroacetic acid. After precipitation at 40 for three-fourths hour, each RNA fraction was collected by suction through Millipore filter discs, which were mounted on planchettes with the aid of Elmers Glue-all (Borden Co.), dried uinder an infraredI spotlight, and counted on a Nuclear Chicago Gas Flow Counter Model D-47 operating in the proportional range.
The total radioactivity of an RNA preparation prior to separation on sucrose gradienits was determined by adding carrier yeast RNA (50 ug/ml final concentration) and 2 volumes of cold 20 % trichloroacetic aci,d to an aliquot of the phenolextracted RNA soluition. After standing at 40 for 10 minutes, the precipitate was collected by suction throtugh a Millipore filter disc, and the dlisc was dried under an infrared lamp and mounted onto a planchette for coulnting. Such determinations were carried out in triplicate.
In a typical experiment, 91 % to 95 % of the total acid-insoluble radioactivity was rendered acidsoluble after overnight incubation at 370 with 100 ,ug/ml DNase-free RNase. From 99.5 % to 100.0 % of the acid-insoluible radioactivity was soltubilizedl after 18 houirs of digestion at 370 in 0.3 N KOH or 0.33 N LiOH. Approximately 95 % to 99 % of the radioactivity in suich digests was charcoal adsorbable. After treatment with RNase, the phenol-extracted material positioned at the top of the sucrose gradient in the 4S region and above.
Specific activity estimations were made by converting the optical density of a particular fraction read from the optical density profile to jug RNA by multiplying by the factor 40, where an optical density of 1.00 in a 1 cm light path is taken to be equivalent to 40 ug of RNA. Coluimns of kieselgulhr coated with methylated albtumin (MAK columns) were prepared and utsed according to the methods of Mandell and Hershey (15) and Hayashi, Hayashi, and Spiegelman (11) .
Analysis of RNA. Base compositions of RNA were obtained by recovering the RNA after gradient centrifutgation by the addition of ethanol. The precipitate was subjected to digestion in 0.33 N LiOH for 18 hoturs at 3/7 according to the procedture described by Gebicki and Freed (8) . The ntlcleotides were then separatedl by paper electrophoresis employing formate buiffer (22 E. coli RNA with a specific radioactivitv of about 100,000 cpm per ,ug RNA was obtained by growing E. coli (T-U-) on a minimal medium supplemented with thymidine and uracil-14C (New England Nuclear) for 4 generations. Then, nonradioactive turacil was added and growth proceeded for 0.9 generation (27) . The RNA was then extracted as described by Hayashi and Spiegelman (10 total cellular RNA of \V3BUL). This mixture, when subjected to chromatography on a MAK column revealed that no separation could be achieved under a variety of conditions. A representative attempt is shown in figure 3 . A similar profile was found by other workers (23) for the Z strain.
As might be anticilpated from the data presented in figure 2 , sucrose gradients are no more effective in this type of separation. To emphasize this point, figure 4 compares the actual optical densities expected from the amounts of RNA ordinarily encountered in chloroplasts and S,. Such comparisons were made on the basis of the olbservation that the total amount of RNA associated with the isolated chloroplasts comprised 15 % to 20 % of the total RNA extracted from cells containing chloroplasts, while S, RNA (non-chloroplast RNA) contributed 80 % to 85 % of the total cellular RNA.
As may be seen, the great variance of the S, ribosomal peak effectively hides both chloroplast optical density peaks. Figure 4 also demonstrates that the 4C-labeled RNA used to evaluate the MAK separation is indeed pure chloroplast RNA. Thus far, we have found no method which will adequatelv separate chloroplast and non-chloroplast RNAs including an isopycnic centrifugation in a cesium chloridecesium stlfate gradient described by Lozeron and Szybalski (13) .
The remains identical to that of W3BUL and the lightgrown cells because the chloroplast RNA is completely obscured by the variance of the non-chloroplast RNA optical density, as discussed in detail above (see fig 4) , and; 2) the incorporation of 32P into the RNA is always higher in the cells exposed to light than in their dark counterparts, and this difference becomes greatly accentuated with time. The incorporation at 4 houirs in the I , dark is mainly into 32S and 1OS RNA and this is reflected in the specific activity peaks for these regions. In addition there is also a hint of incorporation into the 28S region. The higher incorporation into RNA from cells in the light at 4 hours is also found in the 1OS and 28S regions with a rather broad distribution through the 19S region, additional specific activity peaks being apparent in the vicinity of 12 and 17S. It should be noted that the 4S, or s-RNA region is extremely low in activity at this time.
During the period of 4 to 24 hours (figs 7-11) the incorporation of the label into RNA from cells in the light continues to preferentially increase the relative specific activity of the 28S component with evidence of increasing incorporation into the 19S region. From 24 hours to the completion of chloroplast development at 72 hours (figs 11-13) incorporation into the heavier 28S RNA ceases while the components which will compose the highly heterogeneous 19S region continue to increase in relative As far as the incorporation of label into RNA of comparable cells in the dark is concerned, aside from the 4 hour pattern already discussed (fig 7) where 32 and 10S predominate, the activities and specific activities are, in general, very low compared with their counterparts in the light. At 72 hours ( fig 13) the incorporation in the dark is somewhat higher than these minimal levels and resembles, to some extent, the light-induced pattern.
In order to rule out the possibility that the great differences in the amount of 32P incorporation into RNA between cells in the light and in the dark had its origin in a differential permeability of the cells under the 2 conditions (for example, a lightdriven 32P0O43-tuptake) measurements were made on the 32P'O43-uptake into the 2 types of cells throughouit the developmental period. As may be seen in Fractionation at 72 hoturs of chloroplast development also indicated that while the distinctive chloroplast RNA was labeled with high specific activity, the btulk RNA of the rest of the cell also incorporated large amounts of 32PO43-.
An explanation whilch ties together these observations and links them with other events stuch as the large respiratory stimulation associated with light induiction of chloroplast developmenit (20) can be sought by assuiming that the chloroplast is not nutritionally autonomous, a possibility already alluded to in previous puiblications (20, 25) . Indeed, since Euglenza does not become photosynthetic until about 4 hours of development (20, 25) , and does not carry out significant rates of photosynthesis uintil after 10 to 14 houlrs (25), the developing plastid must rely on the rest of the cell for anl energy supply and for metabolites during this early period of development. Viewed as a resident auxotroph within the cell, the developing chloroplast must make great demands on the synthetic machinery to complete development.
We believe that the increase in respiration and the extensive activation of non-chloroplast RNA metabolism within the cell represents the mobilization of the synthetic capacity of the cell to provide the energy and intermediates for chloroplast development. This leaves moot the question of informational interdependence between the chloroplast and the rest of the cell, but stuggests that the chloroplast lacks, at the very least, the information reqtlired to produce the simpler metabolites. It is still possible that the chloroplast provides all of the information necessary for the synthesis of its distinctive proteins; some of these are probably enzymes which synthesize chloroplast constituents, and under these circumstances the developing plastid wouild draw upon the cell only for sources of energy and a supply of the simpler metabolites. Butt, of course, it is also possible that there is more extensive interaction, extending to informational interdependence, for example, the exchange of informational RNAs between organelles.
At present, one cannot ascertain the degree to which 32PQ43-labeling of the RNA represents net synthesis. Preliminary results, however, indicate that the labeling of RNA is inhibited by actinomvcin D. The nuicleotides, of coturse, may be derived from the breakdown of existing RNAs.
These considerations raise, but do not clarify the qtlestion of how the cellular machinery outside the proplastids is activated to provide increased RN\A metabolism as well as increased rates of respiration. The first event which can be detected in chloroplast development is the light-dependent conversion of protochlorophyll(ide) to chlorophyll!(ide). Unquestionably, this transformation is required to complete chlorophyll biosynthesis, btut it is not clear to what extent this photoprocess controls chloroplast morphogenesis. All that can be concluded at present is that the light induction of chloroplast development in dark-grown resting cells is correlated with a light-dependent conversion of protochlorophyll(ide) to chlorophyll(ide). It remains to be shown, however, that the protochlorophyll to chlorophyll conversion step controls derepression of formation of chloroplast proteins. Careful action spectra measuiring appropriate developmental parameters, suich as chloroplast-specific proteins rather than chlorophyll appear to be indicated. In addition, it remains to be determined whether the stimuluis to promote activities outside the chloroplast suich as RNA metabolisim originates in the chloroplast [perhaps as a result of the protochlorophyll (i'de) to chlorophyll (ide) conversion] or whether photoreceptors external to the chloroplasts exist to carry oUt this function.
